Diverging substrate specificity of pure human thymidine kinases 1 and 2 against antiviral dideoxynucleosides.
The two thymidine (dThd) kinases in human cells, the cytosolic, S-phase-specific TK1 and the mitochondrial, constitutively expressed TK2 were purified to homogeneity as judged from sodium dodecyl sulfate-gel electrophoresis. The substrate specificity of TK1 and TK2 toward natural substrates and important nucleoside analogues was compared. With TK1, the Km values for 5-fluorodeoxyuridine (FdUrd), 3'-azido-2',3'-dideoxythymidine (AZT), and 3'-fluoro-2',3'-dideoxythymidine (FLT) were 2.2, 0.6, and 2.1 microM as compared to 0.5 microM for dThd and 9 microM for deoxyuridine (dUrd). With TK2, dUrd, deoxycytidine (dCyd), and 5-fluorodeoxyuridine (FdUrd) were efficiently phosphorylated, but with distinctly different kinetics: Michaelis-Menten kinetics with dCyd, dUrd, and FdUrd; negative cooperativity with dThd. Negative cooperativity was also observed with AZT, although this drug was a very poor substrate for TK2 with a Vmax of 5-6% of that with dThd. FLT, 2',3'-dideoxycytidine (ddCyd), and arabinofuranosylcytosine (araC) were not substrates for TK2, and 2',3'-didehydrodideoxy-thymidine (D4T) was not a substrate for TK1 or TK2. On the other hand, AZT, FLT, and D4T were competitive inhibitors with Ki values of 0.6, 6, and 2073 microM for TK1, and 2, 10, and 78 microM for TK2, respectively. The much lower tolerance for modifications of the deoxyribose moiety of TK2 as compared to TK1 is important for the design of new antiviral nucleoside analogues intended for use in cells with different expression of TK1 and TK2.